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(57) Abstract 



The present invention concerns the treatment of disorders characterized by the overexpression of ErbB2. More specifically, the 
invention concerns the treatment of human patients susceptible to or diagnosed with cancer overexpressing ErbB2 with a combination of 
an anti-ErbB2 antibody and a chemotherapeutic agent other than an anthracycline, e.g. doxorubicin or epirubicin. 



WO 99/31 140 PCTAJS98/26266 
TREATMENT WITH ANTl-ErbB2 ANTIBODIES 

Field f the Invention 

The present invention concerns the treatment of disorders characterized by the overexpression of 
ErbB2. More specifically, the invention concerns the treatment of human patients susceptible to or diagnosed 
5 with cancer overexpressing ErbB2 with a combination of an anti-ErbB2 antibody and a chemotherapeutic 
agent other than an anthracycline, e.g. doxorubicin or epirubicin. 
Background of the Invention 

Proto-oncogenes that encode growth factors and growth factor receptors have been identified to play 
important roles in the pathogenesis of various human malignancies, including breast cancer. It has been 

10 found that the human ErbB2 gene (erbB2 t also known as her2 t or c-erbB-2\ which encodes a I85-kd 
transmembrane glycoprotein receptor (plSS" 1 * 2 ) related to the epidermal growth factor receptor (EGFR), is 
overexpressed in about 25% to 30% of human breast cancer (Slamon et at., Science 235:177-182 [1987]; 
Slamon et al, Science 244:707-712 [1989]). 

Several lines of evidence support a direct role for ErbB2 in the pathogenesis and clinical 

1 5 aggressiveness of ErbB2-overexpressing tumors. The introduction of ErbB2 into non-neoplastic cells has 
been shown to cause their malignant transformation (Hudziak et al., Proc. Natl. Acad. Sci. USA 84:7159- 
7163 [1987]; DiFiore et al. y Science 237:78-182 [1987]). Transgenic mice that express HER2 were found 
to develop mammary tumors (Guy et a/., Proc NatL Acad. Sci. USA 89:10578-10582 [1992]). 

Antibodies 'directed against human erb&2 protein products and proteins encoded by the rat 

20 equivalent of the erbB2 gene (neu) have been described. Drebin et al., Cell 4 1 :695-706 (1985) refer to an 
IgG2a monoclonal antibody which is directed against the rat neu gene product. This antibody called 7.16.4 
causes down-modulation of cell surface pi 85 expression on B 104- 1-1 cells (NIH-3T3 cells transfected with 
the neu proto-oncogene) and inhibits colony formation of these cells. In Drebin et al. PNAS (USA) 83 :9 1 29- 
9133 (1986), the 7.16.4 antibody was shown to inhibit the tumorigenic growth of /lew-transformed NIH-3T3 

25 cells as well as rat neuroblastoma cells (from which the neu oncogene was initially isolated) implanted into 
nude mice. Drebin et al. in Oncogene 2:387-394 (1988) discuss the production of a panel of antibodies 
against the rat neu gene product. AH of the antibodies were found to exert a cytostatic effect on the growth 
of /lew-transformed cells suspended in soft agar. Antibodies of the IgM, IgG2a and IgG2b isotypes were able 
to mediate significant in vitro lysis of new-transformed cells in the presence of complement, whereas none 

30 of the antibodies were able to mediate high levels of antibody-dependent cellular cytotoxicity (ADCC) of the 
/lew-transformed cells. Drebin et al. Oncogene 2:273-277 (1988) report that mixtures of antibodies reactive 
with two distinct regions on the pi 85 molecule result in synergistic anti-tumor effects on New-transformed 
NIH-3T3 cells implanted into nude mice. Biological effects of anti-new antibodies are reviewed in Myers et 
al, Metk Enzym. 198:277-290 (1991). See also W094/22478 published October 13, 1994. 

35 Hudziak et ai, Mol. Cell. Biol. 9(3): 1 1 65- 1 1 72 ( 1 989) describe the generation of a panel of anti- 

ErbB2 antibodies which were characterized using the human breast tumor cell line SKBR3. Relative cell 
proliferation of the SKBR3 cells following exposure to the antibodies was determined by crystal violet 
staining of the monolayers after 72 hours. Using this assay, maximum inhibition was obtained with the 
antibody called 4D5 which inhibited cellular proliferation by 56%. Other antibodies in the panel, including 
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mature phenotype in the human breast cancer cell lines AU-565 and MDA-MB453 (which overexpress 
ErbB2) as well as MCF-7 (containing low levels of the receptor). Bacus et ai saw a correlation between 
tumor inhibition in vivo and cellular differentiation; the tumor-stimulatory antibody N28 had no effect on 
differentiation, and the tumor inhibitory action of the N 1 2, N29 and N24 antibodies correlated with the extent 
5 of differentiation they induced. 

Xu et ai Int. J. Cancer 53:401-408 (1993) evaluated a panel of anti-ErbB2 antibodies for their 
epitope binding specificities, as well as their ability to inhibit anchorage-independent and anchorage- 
dependent growth of SKBR3 cells (by individual antibodies and in combinations), modulate cell-surface 
ErbB2, and inhibit ligand stimulated anchorage-independent growth. See also WO94/00136 published Jan 

10 6, 1994 and Kasprzyk et ai Cancer Research 52:277 1 -2776 (1992) concerning anti-ErbB2 antibody 
combinations. Other anti-ErbB2 antibodies are discussed in Hancock et ai Cancer Res. 51:4575-4580 
(1991); Shawvere/ ai Cancer Res. 54:1367-1373(1994); Arteaga et ai Cancer Res. 54:3758-3765(1994); 
and Harwerth et ai J. Bioi Chem. 267:15160-15167 (1992). 

A recombinant humanized anti-ErbB2 monoclonal antibody (a humanized version of the murine 

15 anti-ErbB2 antibody 4D5, referred to as rhuMAb HER2 or HERCEPTIN®) has been clinically active in 
patients with ErbB2 -overexpress ing metastatic breast cancers that had received extensive prior anti-cancer 
therapy (Baselga etai.J. Clin. Oncol. 14:737-744 [1996]). 

ErbB2 overexpression is commonly regarded as a predictor of a poor prognosis, especially in patients 
with primary disease that involves axillary lymph nodes (Slamon et ai, [1987] and 119891, supra : Ravdin 

20 and Chamness, Gene 1 59: 1 9-27 [ 1 995]; and Hynes and Stern, Biochim Biophys ActaU 98: 1 65- 1 84 [ 1 994]), 
and has been linked to sensitivity and/or resistance to hormone therapy and chemotherapeutic regimens, 
including CMF (cyclophosphamide, methotrexate, and fluoruracil) and anthracyc lines (Baselga et ai, 
Oncology 1 1(3 Suppl l):43-48 [1997]). However, despite the association of ErbB2 overexpression with poor 
prognosis, the odds of HER2-positive patients responding clinically to treatment with taxanes were greater 

25 than three times those of HER2-negative patients (Ibid) . rhuMab HER2 was shown to enhance the activity 
of paclitaxel (TAXOL^ and doxorubicin against breast cancer xenografts in nude mice injected with BT-474 
human breast adenocarcinoma cells, which express high levels of HER2 (Baselga et a/.. Breast Cancer. 
Proceedings o/ASCO, Vol. 13, Abstract 53 [1994]). 
Summary of the Invention 

30 The present invention concerns the treatment of disorders characterized by overexpression of ErbB2, 

and is based on the recognition that while treatment with anti-ErbB2 antibodies markedly enhances the 
clinical benefit of the use of chemotherapeutic agents in general, a syndrome of myocardial dysfunction that 
has been observed as a side-effect of anthracycline derivatives is increased by the administration of anti- 
ErbB2 antibodies. 

35 Accordingly, the invention concerns a method for the treatment of a human patient susceptible to 

or diagnosed with a disorder characterized by overexpression of ErbB2 receptor comprising administering 
a therapeutically effective amount of a combination of an anti-ErbB2 antibody and a chemotherapeutic agent 
other than an anthracycline derivative, e.g. doxorubicin or epirubicin, in the absence of an anthracycline 
derivative, to the human patient. 
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Detailed Description of the Preferred Emb diments 
I. Definitions 

The terms "HER2", ErbB2" "c-Erb-B2" are used interchangeably. Unless indicated otherwise, the 

terms "ErbB2" "c-Erb-B2" and "HER2" when used herein refer to the human protein and "fce/v?", u erbB2 n 
5 and "c-erb~B2" refer to human gene. The human erbB2 gene and ErbB2 protein are, for example, described 

in Semba et al, PNAS (USA) 82:6497-6501 (1985) and Yamamoto et al. Nature 319:230-234 (1986) 

(Genebank accession number X03363). ErbB2 comprises four domains (Domains 1-4). 

The "epitope 4D5" is the region in the extracellular domain of ErbB2 to which the antibody 4D5 

(ATCC CRL 10463) binds. This epitope is close to the transmembrane region of ErbB2. To screen for 
1 0 antibodies which bind to the 4D5 epitope, a routine cross-blocking assay such as that described in Antibodies, 

A Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed. 

Alternatively, epitope mapping can be performed (see Fig. 1 ) to assess whether the antibody binds to the 4D5 

epitope of ErbB2 (i.e. any one or more residues in the region from about residue 529, e.g. about residue 561 

to about residue 625, inclusive). 
15 The "epitope 3H4" is the region in the extracellular domain of ErbB2 to which the antibody 3H4 

binds. This epitope is shown in Fig. 1, and includes residues from about 541 to about 599, inclusive, in the 

amino acid sequence of ErbB2 extracellular domain. 

The "epitope 7C2/7F3" is the region at the N terminus of the extracellular domain of ErbB2 to which 

the 7C2 and/or 7F3 antibodies (each deposited with the ATCC, see below) bind. To screen for antibodies 
20 which bind to the 7C2/7F3 epitope, a routine cross-blocking assay such as that described in Antibodies, A 

Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed. 

Alternatively, epitope mapping can be performed to establish whether the antibody binds to the 7C2/7F3 

epitope on ErbB2 (i.e. any one or more of residues in the region from about residue 22 to about residue 53 

ofErbB2; SEQIDNO:2). 

25 The term "induces cell death" or "capable of inducing cell death" refers to the ability of the 

antibody to make a viable cell become nonviable. The "cell" here is one which expresses the ErbB2 receptor, 
especially where the cell overexpresses the ErbB2 receptor. A cell which "overexpresses" ErbB2 has 
significantly higher than normal ErbB2 levels compared to a noncancerous cell of the same tissue type. 
Preferably, the cell is a cancer cell, e.g. a breast, ovarian, stomach, endometrial, salivary gland, lung, kidney, 

30 colon, thyroid, pancreatic or bladder cell. In vitro, the cell may be a SKBR3, BT474, Calu 3, MDA-MB-453, 
MDA-MB-361 or SKOV3 cell. Cell death in vitro may be determined in the absence of complement and 
immune effector cells to distinguish cell death induced by antibody dependent cellular cytotoxicity (ADCC) 
or complement dependent cytotoxicity (CDC). Thus, the assay for cell death may be performed using heat 
inactivated serum (i.e. in the absence of complement) and in the absence of immune effector cells. To 

35 determine whether the antibody is able to induce cell death, loss of membrane integrity as evaluated by uptake 
of propidium iodide (Pi), trypan blue (see Moore et al. Cytotechnology 17:1-1 1 [1995]) or 7 A AD can be 
assessed relative to untreated cells. Preferred cell death- inducing antibodies are those which induce PI uptake 
inthe "PI uptake assay in BT474 cells". 
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"Antibodies" (Abs) and "immunoglobulins" (Igs) are glycoproteins having the same structural 
characteristics. While antibodies exhibit binding specificity to a specific antigen, immunoglobulins include 
both antibodies and other antibody-like molecules which lack antigen specificity. Polypeptides of the latter 
kind are, for example, produced at low levels by the lymph system and at increased levels by myelomas. 
5 "Native antibodies" and "native immunoglobulins" are usually heterotetrameric glycoproteins of 

about 150,000 daltons, composed of two identical light (L) chains and two identical heavy (H) chains. Each 
light chain is linked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages 
varies among the heavy chains of different immunoglobulin isotypes. Each heavy and light chain also has 
regularly spaced intrachain disulfide bridges. Each heavy chain has at one end a variable domain (V H ) 
10 followed by a number of constant domains. Each light chain has a variable domain at one end (VJ and a 
constant domain at its other end; the constant domain of the light chain is aligned with the first constant 
domain of the heavy chain, and the light-chain variable domain is aligned with the variable domain of the 
heavy chain. Particular amino acid residues are believed to form an interface between the light- and heavy- 
chain variable domains. 

1 5 The term "variable" refers to the fact that certain portions of the variable domains differ extensively 

in sequence among antibodies and are used in the binding and specificity of each particular antibody for its 
particular antigen. However, the variability is not evenly distributed throughout the variable domains of 
antibodies. It is concentrated in three segments called complementarity-determining regions (CDRs) or 
hypervariable regions both in the light-chain and the heavy-chain variable domains. The more highly 

20 conserved portions of variable domains are called the framework region (FR). The variable domains of native 
heavy and light chains each comprise four FR regions, largely adopting a P-sheet configuration, connected 
by three CDRs, which form loops connecting, and in some cases forming part of, the P-sheet structure. The 
CDRs in each chain are held together in close proximity by the FRs and, with the CDRs from the other chain, 
contribute to the formation of the antigen-binding site of antibodies (see Rabat et ai, N1H Pubi No.91-3242, 

IS Vol. I, pages 647-669 [ 1 99 1 ]). The constant domains are not involved directly in binding an antibody to an 
antigen, but exhibit various effector functions, such as participation of the antibody in antibody dependent 
cellular cytotoxicity. 

Papain digestion of antibodies produces two identical antigen-binding fragments, called "Fab" 
fragments, each with a single antigen-binding site, and a residual "Fc" fragment, whose name reflects its 

30 ability to crystallize readily. Pepsin treatment yields an F(ab , ) 2 fragment that has two antigen-combining sites 
and is still capable of cross-linking antigen. 

"Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -binding 
site. This region consists of a dimer of one heavy- and one light-chain variable domain in tight, non-covaient 
association. It is in this configuration that the three CDRs of each variable domain interact to define an 

35 antigen-binding site on the surface of the V H -V L dimer. Collectively, the six CDRs confer antigen-binding 
specificity to the antibody. However even a single variable domain (or half of an Fv comprising only three 
CDRs specific for an antigen) has the ability to recognize and bind antigen, although at a lower affinity than 
the entire binding site. 
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in antibodies derived from a particular species or belonging to a particular antibody class or subclass, while 
the remainder of the chain(s) is identical with or homologous to corresponding sequences in antibodies 
derived from another species or belonging to another antibody class or subclass, as well as fragments of such 
antibodies, so long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567; Morrison et at., 
5 Proc. Nad. Acad Sci. USA, 8 1 :685 1 -6855 [ 1 984]). 

"Humanized" forms of non-human (eg., murine) antibodies are chimeric immunoglobulins, 
immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab\ F(ab') 2 or other antigen-binding 
subsequences of antibodies) which contain minimal sequence derived from non-human immunoglobulin. For 
the most part, humanized antibodies are human immunoglobulins (recipient antibody) in which residues from 

10 a complementarity determining region (CDR) of the recipient are replaced by residues from a CDR of a non- 
human species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity, and 
capacity. In some instances, Fv framework region (FR) residues of the human immunoglobulin are replaced 
by corresponding non-human residues. Furthermore, humanized antibodies may comprise residues which 
are found neither in the recipient antibody nor in the imported CDR or framework sequences. These 

15 modifications are made to further refine and maximize antibody performance. In general, the humanized 
antibody will comprise substantially all of at least one, and typically two, variable domains, in which all or 
substantially all of the CDRs correspond to those of a non-human immunoglobulin and all or substantially 
all of the FRs are those of a human immunoglobulin sequence. The humanized antibody optimally also will 
comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a human 

20 immunoglobulin. For further details, see Jones et aL, Nature, 321:522-525 (1986); Reichmann et aL 
Nature, 332:323-329 (1988); and Presta, Curr. Op. Struct Biol., 2:593-596 (1992). The humanized antibody 
includes a PRIMATIZED™ antibody wherein the antigen-binding region of the antibody is derived from an 
antibody produced by immunizing macaque monkeys with the antigen of interest. 

"Single-chain Fv" or "sFv" antibody fragments comprise the V H and V L domains of antibody, 

25 wherein these domains are present in a single polypeptide chain. Preferably, the Fv polypeptide further 
comprises a polypeptide linker between the V H and V L domains which enables the sFv to form the desired 
structure for antigen binding. For a review of sFv see Pliickthun in The Pharmacology of Monoclonal 
Antibodies, vol. 1 13, Rosenburg and Moore eds., Springer- Verlag, New York, pp. 269-3 15 (1994). 

The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which 

30 fragments comprise a heavy-chain variable domain (V H ) connected to a light-chain variable domain (VJ in 
the same polypeptide chain (V H - V L ). By using a linker that is too short to allow pairing between the two 
domains on the same chain, the domains are forced to pair with the complementary domains of another chain 
and create two antigen-binding sites. Diabodies are described more fully in, for example, EP 404,097; WO 
93/1 1 161; and Hollmger et aL, Proc. Natl Acad. Sci. USA, 90:6444-6448 (1993). 

35 An "isolated" antibody is one which has been identified and separated and/or recovered from a 

component of its natural environment. Contaminant components of its natural environment are materials 
which would interfere with diagnostic or therapeutic uses for the antibody, and may include enzymes, 
hormones, and other proteinaceous or nonproteinaceous solutes. In preferred embodiments, the antibody will 
be purified (1) to greater than 95% by weight of antibody as determined by the Lowry method, and most 
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A "chemotherapeutic agent" is a chemical compound useful in the treatment of cancer. Examples 
of chemotherapeutic agents include adriamycin ( doxorubicin), epirubicin, 5-fluorouracil (5-FU), cytosine 
arabinoside ("Ara-C"), cyclophosphamide (CYTOXAN™), thiotepa, busulfan, taxoids, e.g. paclitaxel 
(TAXOL®, Bristol-Myers Squibb Oncology, Princeton, NJ) and doxetaxel (Taxotere, Rhone-Pouienc Rorer, 
5 Antony, France), methotrexate, cisplatin, vinblastine, bleomycin, etoposide. ifosfamide, mitomycin C, 
mitoxantrone, vincristine, vinorelbine, carboplatin, teniposide, daunomycin, carminomycin, aminopterin, 
dactinomycin, mitomycins, esperamicins (see U.S. Pat. No. 4,675,187), melphalan and other related nitrogen 
mustards. Also included in this definition are hormonal agents that act to regulate or inhibit hormone action 
on tumors such as tamoxifen and onapristone. 

10 Other examples of chemotherapeutic agents include alkyl sulfonates such as improsulfan and 

piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines and 
methylamelamines including altretamine, triethylenemelamine, trietyienephosphoramide, 
triethylenethiophosphaoramide and trimethylolomelamine; nitrogen mustards such as chlorambucil, 
chlornaphazine, cholophosphamide, estramustine, mechlorethamine, mechlorethamine oxide hydrochloride, 

15 novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine, 
chlorozotocin, fotemustine, lomustine, nimustine, ranimustine; antibiotics such as aclacinomysins, 
actinomycin, authramycin, azaserine, cactinomycin, calicheamicin, carabicin, carzinophilin, chromomycins, 
6-diazo-5-oxo-L-norleucine, daunorubicin, mycophenolic acid, nogalamycin, olivomycins, peplomycin, 
potfiromycin, puromycin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin, gentamicin; 

20 folic acid analogues such as denopterin, pteropterin, trimetrexate; purine analogs such as fludarabine, 6- 
mercaptopurine, thiamiprine, thioguanine: pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, 
carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, and floxuridine; androgens such as 
calusterone, dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as 
aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone; 

25 aldophosphamide glycoside; aminolevulinic acid; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; 
demecolcine; diaziquone; elfomithine; elliptinium acetate; etoglucid; gallium nitrate; hydroxyurea; lentinan; 
lonidamine; : mitoguazone; mitoxantrone; mopidamol; nitracrine; pentostatin; phenamet; pirarubicin; 
podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK®; razoxane; sizofiran; spirogermanium; tenuazonic 
acid; triaziquone; 2, 2',2"-trichlorotriethylamme; urethan; vindesine; dacarbazine; mannomustine; 

30 mitobronitol; mitolactol; pipobroman; gacytosine; chlorambucil; gemcitabine; 6-thioguanine; 
mercaptopurine; platinum; navelbine; novantrone; xeloda; ibandronate; CPT- 1 1 ; topoisomerase inhibitor RFS 
2000; difluoromethylomithine (DMFO); retinoic acid; capecitabine; as well as pharmaceutically acceptable 
salts, acids or derivatives of any of the above. 

Other examples of hormonal agents that act to regulate or inhibit hormone action on tumors include 

35 other anti-estrogens, such as raloxifene (Evista), aromatase inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, 
trioxifene, keoxifene, and LY1 17018; and anti-androgens such as flutamide and nilutamide; as well as 
pharmaceutically acceptable salts, acids or derivatives of any of the above. 

A "growth inhibitory agent" when used herein refers to a compound or composition which inhibits 
growth of a cell, especially an ErbB2-overexpressing cancer cell either in vitro or in vivo. Thus, the growth 
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can be converted into the more active cytotoxic free drug. Examples of cytotoxic drugs that can be derivatized 
into a prodrug form for use in this invention include, but are not limited to, those chemotherapeutic agents 
described above. 

By "solid phase" is meant a non-aqueous matrix to which the antibodies used in accordance with the 
5 present invention can adhere. Examples of solid phases encompassed herein include those formed partially 
or entirely of glass (e.g., controlled pore glass), polysaccharides (e.g., agarose), polyacrylamides, polystyrene, 
polyvinyl alcohol and silicones. In certain embodiments, depending on the context, the solid phase can 
comprise the well of an assay plate; in others it is a purification column (eg.,an affinity chromatography 
column). This term also includes a discontinuous solid phase of discrete particles, such as those described 
10 in U.S. Patent No. 4,275,149. 

A "liposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant 
which is useful for delivery of a drug (such as the anti-ErbB2 antibodies disclosed herein and, optionally, a 
chemotherapeutic agent) to a mammal. The components of the liposome are commonly arranged in a bilayer 
formation, similar to the lipid arrangement of biological membranes. 
15 The term "package insert" is used to refer to instructions customarily included in commercial 

packages of therapeutic products, that contain information about the indications, usage, dosage, 
administration, contraindications and/or warnings concerning the use of such therapeutic products. 
1L Production of anti-ErbB2 Antibodies 

A description follows as to exemplary techniques for the production of the antibodies used in 
20 accordance with the present invention. The ErbB2 antigen to be used for production of antibodies may be, 
e.g., a soluble form of the extracellular domain of ErbB2 or a portion thereof, containing the desired epitope. 
Alternatively, cells expressing ErbB2 at their cell surface (e.g. NIH-3T3 cells transformed to overexpress 
ErbB2; or a carcinoma cell line such as SKBR3 cells, see Stancovski et al PNAS (USA) 88:8691-8695 
[1991]) can be used to generate antibodies. Other forms of ErbB2 useful for generating antibodies will be 
25 apparent to those skilled in the art. 

(i) Polyclonal antibodies 
Polyclonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or 
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to conjugate the 
relevant antigen to a protein that is immunogenic in the species to be immunized, e.g., keyhole limpet 
30 hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin inhibitor using a Afunctional or 
derivatizing agent, for example, maleimidobenzoy! sulfosuccinimide ester (conjugation through cysteine 
residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic anhydride, SOCI 2 , or 
R I N=C=NR, where R and R ! are different alkyl groups. 

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by combining, 
35 eg., 1 00 ug or 5 ug of the protein or conjugate (for rabbits or mice, respectively) with 3 volumes of Freund's 
complete adjuvant and injecting the solution intradermaily at multiple sites. One month later the animals 
are boosted with 1/5 to 1/10 the original amount of peptide or conjugate in Freund's complete adjuvant by 
subcutaneous injection at multiple sites. Seven to 14 days later the animals are bled and the serum is assayed 
for antibody titer. Animals are boosted until the titer plateaus. Preferably, the animal is boosted with the 
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(Goding, Monoclonal Antibodies: Principles and Practice, pp.59- 103 [Academic Press, 1986]). Suitable 
culture media for this purpose include, for example, D-MEM or RPMI-1640 medium. In addition, the 
hybridoma cells may be grown in vivo as ascites tumors in an animal. 

The monoclonal antibodies secreted by the subclones are suitably separated from the culture medium, 
5 ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for example, protein 
A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

DNA encoding the monoclonal antibodies is readily isolated and sequenced using conventional 
procedures (e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding 
the heavy and light chains of murine antibodies). The hybridoma cells serve as a preferred source of such 

10 DNA. Once isolated, the DNA may be placed into expression vectors, which are then transfected into host 
cells such as E. coli cells, simian COS cells, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do 
not otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the 
recombinant host cells. Review articles on recombinant expression in bacteria of DNA encoding the antibody 
include Skerrae/a/., Curr. Opinion in Immunol, 5:256-262 (1993) and Pluckthun, /m/mmo/. Revs., 130:151- 

15 188(1992). 

In a further embodiment, antibodies or antibody fragments can be isolated from antibody phage 
libraries generated using the techniques described in McCafferty et ai. Nature, 348:552-554 (1990). 
Clackson et aL, Nature, 352:624-628 (1991) and Marks et ai, J. Mol. BioL, 222:581-597 (1991) describe 
the isolation of murine and human antibodies, respectively, using phage libraries. Subsequent publications 

20 describe the production of high affinity (nM range) human antibodies by chain shuffling (Marks et al t 
Bio/Technology, 10:779-783 [1992]), as well as combinatorial infection and in vivo recombination as a 
strategy for constructing very large phage libraries (Waterhouse et ai, Nuc. Acids. Res., 21:2265-2266 
[1993]). Thus, these techniques are viable alternatives to traditional monoclonal antibody hybridoma 
techniques for isolation of monoclonal antibodies. 

25 The DNA also may be modified, for example, by substituting the coding sequence for human heavy- 

and light-chain constant domains in place of the homologous murine sequences (U.S. Patent No. 4,8 16,567; 
Morrison, et aL, Proc. Natl Acad. Sci. USA, 8 1 :685 1 [1984]), or by covalently joining to the immunoglobulin 
coding sequence all or part of the coding sequence for a non-immunoglobulin polypeptide. 

Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an 

30 antibody, or they are substituted for the variable domains of one antigen-combining site of an antibody to 
create a chimeric bivalent antibody comprising one antigen-combining site having specificity for an antigen 
and another antigen-combining site having specificity for a different antigen. 
(Hi) Humanized and human antibodies 
Methods for humanizing non-human antibodies are well known in the art. Preferably, a humanized 

35 antibody has one or more amino acid residues introduced into it from a source which is non-human. These 
non-human amino acid residues are often referred to as "import" residues, which are typically taken from an 
"import" variable domain. Humanization can be essentially performed following the method of Winter and 
co-workers (Jones et ai t Nature, 321:522-525 (1986); Riechmann et ai, Nature, 332:323-327 (1988); 
Verhoeyen et aL Science, 239:1534-1536 [1988]), by substituting rodent CDRs or CDR sequences for the 
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of Biochemical and Biophysical Methods 24:107-1 17 (1992) and Brennan et at.. Science, 229:81 [1985]). 
However, these fragments can now be produced directly by recombinant host cells. For example, the antibody 
fragments can be isolated from the antibody phage libraries discussed above. Alternatively, Fab'-SH 
fragments can be directly recovered from E. coli and chemically coupled to form F(ab') 2 fragments (Carter 
5 et ai , Bio/Technology 1 0: 1 63- 1 67 [ 1 992]). According to another approach, F(ab') 2 fragments can be isolated 
directly from recombinant host cell culture. Other techniques for the production of antibody fragments will 
be apparent to the skilled practitioner. In other embodiments, the antibody of choice is a single chain Fv 
fragment (scFv). See WO 93/16185. 

(v) Bispecific antibodies 

10 Bispecific antibodies are antibodies that have binding specificities for at least two different epitopes. 

Exemplary bispecific antibodies may bind to two different epitopes of the ErbB2 protein. For example, one 
arm may bind an epitope in Domain I of ErbB2 such as the 7C2/7F3 epitope, the other may bind a different 
ErbB2 epitope, e.g. the 4D5 epitope. Other such antibodies may combine an ErbB2 binding site with binding 
site(s) for EGFR, ErbB3 and/or ErbB4. Alternatively, an anti-ErbB2 arm may be combined with an arm 

1 5 which binds to a triggering molecule on a leukocyte such as a T-cell receptor molecule (e.g. CD2 or CD3), 
or Fc receptors for IgG (FcyR), such as FcyRl (CD64), FcyRlI (CD32) and FcyRIII (CD16) so as to focus 
cellular defense mechanisms to the ErbB2-expressing cell. Bispecific antibodies may also be used to localize 
cytotoxic agents to cells which express ErbB2. These antibodies possess an ErbB2-binding arm and an arm 
which binds the cytotoxic agent (e.g. saporin, anti-interferon-cc, vinca alkaloid, ricin A chain, methotrexate 

20 or radioactive isotope hapten). Bispecific antibodies can be prepared as full length antibodies or antibody 
fragments (e.g. F(ab') 2 bispecific antibodies). 

Methods for making bispecific antibodies are known in the art. Traditional production of full length 
bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-light chain pairs, 
where the two chains have different specificities (Millstein et ai, Nature, 305:537-539 [1983]). Because of 

25 the random assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce 
a potential mixture of 10 different antibody molecules, of which only one has the correct bispecific structure. 
Purification of the correct molecule, which is usually done by affinity chromatography steps, is rather 
cumbersome, and the product yields are low. Similar procedures are disclosed in WO 93/08829, and in 
Traunecker et al. t EMBOJ., 10:3655-3659 (1991). 

30 According to a different approach, antibody variable domains with the desired binding specificities 

(antibody-antigen combining sites) are fused to immunoglobulin constant domain sequences. The fusion 
preferably is with an immunoglobulin heavy chain constant domain, comprising at least part of the hinge, 
CH2, and CH3 regions. It is preferred to have the first heavy-chain constant region (CH 1 ) containing the site 
necessary for light chain binding, present in at least one of the fusions. DN As encoding the immunoglobulin 

35 heavy chain fusions and, if desired, the immunoglobulin light chain, are inserted into separate expression 
vectors, and are co-transfected into a suitable host organism. This provides for great flexibility in adjusting 
the mutual proportions of the three polypeptide fragments in embodiments when unequal ratios of the three 
polypeptide chains used in the construction provide the optimum yields. It is, however, possible to insert the 
coding sequences for two or all three polypeptide chains in one expression vector when the expression of at 
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human T cells, as well as trigger the lytic activity of human cytotoxic lymphocytes against human breast 
tumor targets. 

Various techniques for making and isolating bispecific antibody fragments directly from recombinant 
cell culture have also been described. For example, bispecific antibodies have been produced using leucine 
5 zippers. Kostelny et al, J. Immunol., 148(5): 1547- 1553 (1992). The leucine zipper peptides from the Fos 
and Jun proteins were linked to the Fab* portions of two different antibodies by gene fusion. The antibody 
homodimers were reduced at the hinge region to form monomers and then re-oxidized to form the antibody 
heterodtmers. This method can also be utilized for the production of antibody homodimers. The "diabody" 
technology described by Hollinger et al, Proc. Natl. Acad ScL USA, 90:6444-6448 (1993) has provided an 

10 alternative mechanism for making bispecific antibody fragments. The fragments comprise a heavy-chain 
variable domain (V H ) connected to a light-chain variable domain (V L ) by a linker which is too short to allow 
pairing between the two domains on the same chain. Accordingly, the V H and V L domains of one fragment 
are forced to pair with the complementary V L and V H domains of another fragment, thereby forming two 
antigen-binding sites. Another strategy for making bispecific antibody fragments by the use of single-chain 

1 5 Fv (sFv) dimers has also been reported. See Gruber et al, J. Immunol, 1 52:5368 (1 994). 

Antibodies with more than two valencies are contemplated. For example, trispecific antibodies can 
be prepared. Tutt et al J. Immunol 147: 60 (1991). 

(vi) Screening for antibodies with the desired properties 
Techniques for generating antibodies have been described above. Those antibodies having the 

20 characteristics described herein are selected. 

To select for antibodies which induce cell death, loss of membrane integrity as indicated by, e.g., 
PI, trypan blue or 7AAD uptake is assessed relative to control. The preferred assay is the "PI uptake assay 
using BT474 cells". According to this assay, BT474 cells (which can be obtained from the American Type 
Culture Collection [Rockville, MD]) are cultured in Dulbecco's Modified Eagle Medium (D-MEM):Ham's 

25 F-12 (50:50) supplemented with 10% heat-inactivated FBS (Hyclone) and 2 mM L-glutamine. (Thus, the 
assay is performed in the absence of complement and immune effector cells). The BT474 cells are seeded 
at a density of 3 x 10 6 per dish in 100 x 20 mm dishes and allowed to attach overnight. The medium is then 
removed and replaced with fresh medium alone or medium containing lOug/ml of the appropriate MAb. The 
cells are incubated for a 3 day time period. Following each treatment, monolayers are washed with PBS and 

30 detached by trypsinization. Cells are then centrifuged at 1200rpm for 5 minutes at 4°C, the pellet 
resuspended in 3 ml ice cold Ca 2 * binding buffer (10 mM Hepes, pH 7.4, 140 mM NaCl, 2.5 mM CaCI 2 ) and 
aliquoted into 35 mm strainer-capped 12 x 75 tubes ( I ml per tube, 3 tubes per treatment group) for removal 
of cell clumps. Tubes then receive PI (lOug/ml). Samples may be analyzed using a FACSCAN™ flow 
cytometer and FACSCONVERT™ CellQuest software (Becton Dickinson). Those antibodies which induce 

35 statistically significant levels of cell death as determined by PI uptake are selected. 

In order to select for antibodies which induce apoptosis, an "annexin binding assay using BT474 
cells" is available. The BT474 cells are cultured and seeded in dishes as discussed in the preceding 
paragraph. The medium is then removed and replaced with fresh medium alone or medium containing 
lOug/ml of the MAb. Following a three day incubation period, monolayers are washed with PBS and 
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of bacterial, fungal, plant or animal origin, or fragments thereof), or a radioactive isotope (i.e.. a 
radioconjugate). 

Chemotherapeutic agents useful in the generation of such immunoconjugates have been described 
above. Enzymatically active toxins and fragments thereof which can be used include diphtheria A chain, 
5 nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa), rtcin 
A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, 
Phytolaca americana proteins (PAPI, PAPI1, and PAP-S), momordica charantia inhibitor, curcin, crotin, 
sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin and the 
tricothecenes. A variety of radionuclides are available for the production of radioconjugated anti-ErbB2 

10 antibodies. Examples include 2,2 Bi, m I, m In, and l86 Re. 

Conjugates of the antibody and cytotoxic agent are made using a variety of bifunctional protein 
coupling agents such as N-succinimidyl-3-(2-pyridyldithioI) propionate (SPDP), iminothiolane (IT), 
bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCL), active esters (such as 
disuccinimidyl suberate), aldehydes (such as glutareldehyde), bis-azido compounds (such as bis (p- 

15 azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)- 
ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds (such 
as I,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in 
Vitetta et al. Science 238: 1098 (1987). Carbon- 14-labeled l-isothiocyanatobenzyl-3-methyldiethylene 
triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of radionucleotide to 

20 the antibody. See W094/1 1026. 

In another embodiment, the antibody may be conjugated to a "receptor" (such streptavidin) for 
utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to the patient, 
followed by removal of unbound conjugate from the circulation using a clearing agent and then 
administration of a "ligand" (e.g. avidin) which is conjugated to a cytotoxic agent (e.g. a radionucleotide). 

25 (ix) Immunoliposomes 

The anti-ErbB2 antibodies disclosed herein may also be formulated as immunoliposomes. 
Liposomes containing the antibody are prepared by methods known in the art, such as described in Epstein 
et al, Proc. Nad. Acad. ScL USA, 82:3688 (1985); Hwang et al. 9 Proc. Natl Acad. Sci. USA, 77:4030 
(1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545. Liposomes with enhanced circulation time are disclosed 

30 in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse phase evaporation method with a lipid 
composition comprising phosphatidylcholine, cholesterol and PEG-derivatized phosphatidylethanolamine 
(PEG-PE). Liposomes are extruded through filters of defined pore size to yield liposomes with the desired 
diameter. Fab' fragments of the antibody of the present invention can be conjugated to the liposomes as 

35 described in Martin et ai J. Biol. Chem. 257: 286-288 (1982) via a disulfide interchange reaction. A 
chemotherapeutic agent is optionally contained within the liposome. See Gabizon et ai J. National Cancer 
//u/.81(19)1484(1989). 
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sequence is further altered to include the sequence and conformation of the identified binding epitope. The 
altered antibody is tested for longer in vivo half-life, and this process is continued until a molecule is obtained 
that exhibits a longer in vivo half-life. 

The salvage receptor binding epitope being thus incorporated into the antibody of interest is any 
5 suitable such epitope as defined above, and its nature will depend, e.g., on the type of antibody being 
modified. The transfer is made such that the antibody of interest still possesses the biological activities 
described herein. 

The epitope preferably constitutes a region wherein any one or more amino acid residues from one 
or two loops of a Fc domain are transferred to an analogous position of the antibody fragment. Even more 
10 preferably, three or more residues from one or two loops of the Fc domain are transferred. Still more 
preferred, the epitope is taken from the CH2 domain of the Fc region (e.g., of an IgG) and transferred to the 
CHI, CH3, or V„ region, or more than one such region, of the antibody. Alternatively, the epitope is taken 
from the CH2 domain of the Fc region and transferred to the C L region or V L region, or both, of the antibody 
fragment. 

1 5 In one most preferred embodiment, the salvage receptor binding epitope comprises the sequence (5* 

to 3*): PKNSSMISNTP (SEQ ID NO:3), and optionally further comprises a sequence selected from the group 
consisting of HQSLGTQ (SEQ ID NO:4), HQNLSDGK (SEQ ID NO:5), HQNISDGK (SEQ ID NO:6), or 
VISSHLGQ (SEQ ID NO:7), particularly where the antibody fragment is a Fab or F(ab') 2 . In another most 
preferred embodiment, the salvage receptor binding epitope is a polypeptide containing the sequence(s)(5' 

20 to 3'): HQNLSDGK (SEQ ID NO:5), HQNISDGK (SEQ ID NO:6), or VISSHLGQ (SEQ ID NO:7) and the 
sequence: PKNSSMISNTP (SEQ ID NO:3). 

(xii) Purification of anti-ErbB2 antibody 

When using recombinant techniques, the antibody can be produced intracellularly, in the pcriplasmic 
space, or directly secreted into the medium. If the antibody is produced intracellularly, as a first step, the 

25 particulate debris, either host cells or lysed fragments, is removed, for example, by centrifugation or 
ultrafi Itration. Carter et ai , Bio/T echnoiogy 1 0: 1 63- 1 67 ( 1 992) describe a procedure for isolating antibodies 
which are secreted to the periplasmic space of E. coii. Briefly, cell paste is thawed in the presence of sodium 
acetate (pH 3.5), EDTA, and phenylmethylsulfonylfluoride (PMSF) over about 30 min. Cell debris can be 
removed by centrifugation. Where the antibody is secreted into the medium, supernatants from such 

30 expression systems are preferably first concentrated using a commercially available protein concentration 
filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. A protease inhibitor such as PMSF 
may be included in any of the foregoing steps to inhibit proteolysis and antibiotics may be included to prevent 
the growth of adventitious contaminants. 

The antibody composition prepared from the cells can be purified using, for example, hydroxy lapatite 

35 chromatography, gel electrophoresis, dialysis, and affinity chromatography, with affinity chromatography 
being the preferred purification technique. The suitability of protein A as an affinity ligand depends on the 
species and isotype of any immunoglobulin Fc domain that is present in the antibody. Protein A can be used 
to purify antibodies that are based on human y 1 , y2, or y4 heavy chains (Lindmark et ai, 1 Immunol. Meth. 
62:1-13 [1983]). Protein G is recommended for all mouse isotypes and for human y3 (Guss et a/., EMBO 
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(for example, liposomes, albumin microspheres, microemulsions, nano-particies and nanocapsules) or in 
macroemulsions. Such techniques are disclosed in Remington 's Pharmaceutical Sciences \ 6thed\t\ n,Os 1, 
A. Ed (1980). 

The formulations to be used for in vivo administration must be sterile. This is readily accomplished 
5 by filtration through sterile filtration membranes. 

Sustained-release preparations may be prepared. Suitable examples of sustained-release preparations 
include semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices are 
in the form of shaped articles, e.g. films, or microcapsules. Examples of sustained-release matrices include 
polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides 

10 (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable ethylene- 
vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT™ (injectable 
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3- 
hydroxybutyric acid. While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable 
release of molecules for over 100 days, certain hydrogels release proteins for shorter time periods. When 

15 encapsulated antibodies remain in the body for a long time, they may denature or aggregate as a result of 
exposure to moisture at 37°C, resulting in a loss of biological activity and possible changes in 
immunogenicity. Rational strategies can be devised for stabilization depending on the mechanism involved. 
For example, if the aggregation mechanism is discovered to be intermolecular S-S bond formation through 
thio-disulfide interchange, stabilization may be achieved by modifying sulfhydry 1 residues, lyophilizing from 

20 acidic solutions, controlling moisture content, using appropriate additives, and developing specific polymer 
matrix compositions. 

IV. Treatment with the Anti-ErbB2 Antibodies 

It is contemplated that, according to the present invention, the anti-ErbB2 antibodies may be used 
to treat various conditions characterized by overexpression and/or activation of the ErbB2 receptor. 

25 Exemplary conditions or disorders include benign or malignant tumors (e.g. renal, liver, kidney, bladder, 
breast, gastric, ovarian, colorectal, prostate, pancreatic, lung, vulval, thyroid, hepatic carcinomas; sarcomas; 
glioblastomas; and various head and neck tumors); leukemias and lymphoid malignancies; other disorders 
such as neuronal, glial, astrocytal, hypothalamic and other glandular, macrophagal, epithelial, stromal and 
blastocoelic disorders; and inflammatory, angiogenic and immunologic disorders. 

30 The antibodies of the invention are administered to a human patient, in accord with known methods, 

such as intravenous administration as a bolus or by continuous infusion over a period of time, by 
intramuscular, intraperitoneal, intracerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, 
oral, topical, or inhalation routes. Intravenous administration of the antibody is preferred. 

The treatment of the present invention involved the combined administration of an anti-ErbB2 

35 antibody and a chemotherapeutic agent, other than an anthracycline derivative. The combined administration 
includes coadministration, using separate formulations or a single pharmaceutical formulation, and 
consecutive administration in either order, wherein preferably there is a time period while both (or all) active 
agents simultaneously exert their biological activities. Preparation and dosing schedules for such 
chemotherapeutic agents may be used according to manufacturers' instructions or as determined empirically 
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needles, and syringes. In addition, the article of manufacture comprises a package inserts with instructions 
for use, including a warning that the composition is not to be used in combination with anthacyc line-type 
chemotherapeutic agent, e.g. doxorubicin, or epirubicin. 
Deposit of Materials 

5 The following hybridoma cell lines have been deposited with the American Type Culture Collection, 

1230! Parklawn Drive, Rockville, MD, USA (ATCC): 

Antibody Designation ATCC No. Deposit Date 

7C2 ATCC HB-I2215 October 1 7, 1 996 

7F3 ATCC HB- 1 22 1 6 October 1 7, 1 996 

10 4D5 ATCC CRL 10463 May 24, 1990 



Further details of the invention are illustrated by the following non-limiting Example. 

Example 
Materials and Methods 

Anti-ErbB2 monoclonal antibody The anti-ErbB2 IgG,K murine monoclonal antibody 4D5, specific 
1 5 for the extracellular domain of ErbB2, was produced as described in Fendly et ai y Cancer Research 5o: 1550- 
1558 (1990) and WO89/06692. Briefly, NIH 3T3/HER2-3 400 ceils (expressing approximately 1 x 10 5 ErbB2 
molecules/cell) produced as described in Hudziak et al Proa Natl. Acad. Sci. (USA) 84:7159 (1987) were 
harvested with phosphate buffered saline (PBS) containing 25mM EDTA and used to immunize BALB/c 
mice. The mice were given injections i.p. of 10 7 cells in 0.5ml PBS on weeks, 0, 2, 5 and 7. The mice with 
20 amisera that immunoprecipitated 32 P-labeled ErbB2 were given i.p. injections of a wheat germ agglutinin- 
Sepharose (WGA) purified ErbB2 membrane extract on weeks 9 and 13. This was followed by an i.v. 
injection of 0.1 mi of the ErbB2 preparation and the splenocytes were fused with mouse myeloma line X63- 
Ag8,653. Hybridoma supernatants were screened for ErbB2-binding by ELISA and 
radioimmunoprecipitation. MOPC-21 (IgGl), (Capped, Durham, NC), was used as an isotype-matched 
25 control. 

The treatment was performed with a humanized version of the murine 4D5 antibody 
(HERCEPTIN®). The humanized antibody was engineered by inserting the complementarity determining 
regions of the murine 4D5 antibody into the framework of a consensus human immunoglobulin IgG, (IgG,) 
(Carter et al., Proc. Natl. Acad. Set. USA 89:4285-4289 [1992]). The resulting humanized anti-ErbB2 

30 monoclonal antibody has high affinity for pi 85"^ (Dillohiation constant [KJ=0.1 nmol/L), markedly 
inhibits, in vitro and in human xenografts, the growth of breast cancer cells that contain high levels of 
plg 5 KEfu mc j uces antibody-dependent cellular cytotoxicity (ADCC) t and has been found clinically active, as 
a single agent, in patients with ErbB2-overexpressing metastatic breast cancers that had received extensive 
prior therapy. HERCEPTIN® is produced by a genetically engineered Chinese Hamster Ovary (CHO) cell 

35 line, grown in large scale, that secretes the antibody into the culture medium. The antibody is purified from 
the CHO culture media using standard chromatographic and filtration methods. Each lot of antibody used 
in this study was assayed to verify identity, purity, and potency, as well as to meet Food and Drug 
Administration requirements for sterility and safety. 
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Administration and Dosage 
Anti-ErbB2 Antibody 

On day 0, a 4 mg/kg dose of humanized anti-ErbB2 antibody (HERCEPTIN*, H) was administered 
intravenously, over a 90-minute period. Beginning on day 7, patients received weekly administration of 2 
5 mg/kg antibody (i.v.) over a 90-minute period. 
Chemotherapy 

The patients received one of two chemotherapy regiments for a minimum of six cycles, provided 
their disease was not progressing: a) cyclophosphamide and doxorubicin or epirubicin (AC), if patients have 
not received anthracycline therapy in the adjuvant setting, or b) paclitaxel (T, TAXOL**), if patients have 

10 received any anthracycline therapy in the adjuvant setting. The initial dose of the HERCEPTTN® antibody 
preceded the first cycle of either chemotherapy regimen by 24 hours. Subsequent doses of the antibody were 
given immediately before chemotherapy administration, if the initial dose of the antibody was well tolerated. 
If the first dose of the antibody was not well tolerated, subsequent infusions continued to precede 
chemotherapy administration by 24 hours. Patients were permitted to continue receiving chemotherapy 

15 beyond six cycles if, in the opinion of the treating physician, they were continuing to receive treatment 
benefit. 

Cyclophosphamide (600 mg/m 2 ) was given either by iv push over a minimum period of 3 minutes 
or by infusion over a maximum period of 2 hours. 

Doxorubicin (60 mg/m 2 ) or epirubicin (75 mg/m 2 ) were given either by slow iv push over a minimum 
20 period of 3-5 minutes or by infusion over a maximum period of 2 hours, according to institutional protocol. 

Paciltaxel (TAXOL*) was given at a dose of 1 75 mg/m 2 over 3 hours by intravenous administration. 
All patients receiving paclitaxel were premedicated with dexamethasone (or its equivalent) 20 mg x 2, 
administered orally 12 and 6 hours prior to paclitaxel; diphenhydramine (or its equivalent) 50 mg, iv, 
administered 30 minutes prior to paclitaxel. and dimetidine (or another H 2 blocker) 300 mg, iv. administered 
25 30 minutes prior to paclitaxel. 

Response Criteria 

Progressive Disease Objective evidence of an increase of 25% or more in any measurable 
lesion. Progressive disease also includes those instances when new lesions have appeared. For bone lesions, 
progression is defined as a 25% increase in objective measurement by plain film, CT, MR1; symptomatic new 
30 lesions not due to fracture; or requirement for palliative radiotherapy. 

Complete Response Disappearance of all radiographically and/or visually apparent tumor for 
a minimum of 4 weeks. Skin and chest wall complete responses had to be confirmed by biopsy. 

Partial Response A reduction of at least 50% in the sum of the products of the perpendicular 
diameters of all measurable lesions for a minimum period of 4 weeks. No new lesions may have appeared, 
35 nor may any lesions have progressed in size. 

Minor Response A reduction of 25% to 49% in the sum of the products of the perpendicular 
diameters of all measurable lesions. No new lesions may have appeared, nor may any lesions have progressed 
in size. 
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Claims: 

1 . A method for the treatment of a human patient susceptible to or diagnosed with a disorder 
characterized by overexpression of ErbB2 receptor, comprising administering an effective amount of a 
combination of an anti-ErbB2 antibody and a chemotherapeutic agent other than an anthracycline derivative, 
in the absence of an anthracycline derivative, to the human patient. 

2. The method of claim 1 wherein said disorder is a benign or malignant tumor. 

3. The method of claim I wherein said disorder is a cancer. 

4. The method of claim 3 wherein said cancer is selected from the group consisting of breast 
cancer, squamous cell cancer, small-cell lung cancer, non-small cell lung cancer, gastrointestinal cancer, 
pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, 
colon cancer, colorectal cancer, endometrial carcinoma, salivary gland carcinoma, kidney cancer, liver 
cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma and various types of head and neck 
cancer. 

5. The method of claim 4 wherein said cancer is breast cancer. 

6. The method of claim 5 wherein said cancer is metastatic breast carcinoma. 

7. The method of claim 1 wherein said antibody binds to the extracellular domain of the ErbB2 

receptor. 

8. The method of claim 7 wherein said antibody binds to epitope 4D5 within the ErbB2 
extracellular domain sequence. 

9. The method of claim 8 wherein said antibody is a humanized 4D5 anti-ErbB2 antibody. 

10. The method of claim 1 wherein said chemotherapeutic agent is a taxoid. 

1 1 . The method of claim 1 0 wherein said taxoid is paclitaxel or doxetaxel. 

12. The method of claim 1 wherein the effective amount of said combination is lower than the 
sum of the effective amounts of said anti-ErbB2 antibody and said chemotherapeutic agent, when 
administered individually, as single agents. 

13. The method of claim I wherein efficacy is measured by determining the time to disease 
progression or the response rate. 

14. An article of manufacture, comprising a container, a composition within the container 
comprising an anti-ErbB2 antibody, and a package insert containing instructions to avoid the use of 
anthracycline-type chemotherapeutics in combination with said composition. 

1 5. The article of manufacture of claim 14 further comprising a label on or associated with the 
container that indicates that said composition can be used for treating a condition characterized by 
overexpression of ErbB2 receptor. 

16. The article of manufacture of claim 15 wherein said label indicates that said composition 
can be used for the treatment of breast cancer. 

17. The article of manufacture of claim 15 wherein said anti-ErbB2 antibody binds to the 
extracellular domain of the receptor. 

1 8. The article of manufacture of claim 1 7 wherein said anti-ErbB2 antibody binds to epitope 
4D5 within the ErbB2 extracellular domain sequence. 
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3H4 aa 541-599 

4D5 aa 529-625 

7C2 aa 22-53 

7F3 aa 22-53 












h s s s 4=d 
541 599 










4D5 


100 

1 


200 
1 


300 
1 


400 
1 


561 625 

500 600 , 
1 1 



3H4 epitope (SEQ ID NO: 8) 

VIECRVIiQGLPREYVNAIlHCIjPCHPECQPQNGSVTCFGPEADQCVACAHYKDPPFCV'AR 

I I 
541 599 

4D5 epitope (SEQ ID NO: 9) 

LPCHPECQPQNGSVTCFGPEADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEGACQP 



561 

V 



625 
J 



FIG.. 1 



1 MELAALCRWGLLLALL P PGAASTQV CTGTDMKLRLPA 

3 8 SPETHLDMLRHI.YQGCQWOGNLELTYLPTNASLSFL 

7 5 QDIQEVQGYVLIAHNQVRQVPLORLRIVRGTQLFEDN 

112 YALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTEI 

149 LKGGVL I QRNPQLC YQDT ILWKD I FHKNNQLALTLID 

186 TNRSRA 
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Sequence Listing 

<110> Genentech, Inc. 

<120> TREATMENT WITH ANTI-ErbB2 ANTIBODIES 

<130> P1256R2PCT 

5 <150> US 60/069,346 
<151> 1997-12-12 

<160> 9 

<210> 1 
<211> 166 
10 <212> PRT 

<213> Homo sapiens 

<400> 1 

Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro Ala Ser Pro Glu 
1 5 10 _ 15 

15 Thr His Leu Asp Met Leu Arg His Leu Tyr Gin Gly Cys Gin Val 

20 25 30 

Val Gin Gly Asn Leu Glu Leu Thr Tyr Leu Pro Thr Asn Ala Ser 
35 40 45 

Leu Ser Phe Leu Gin Asp lie Gin Glu Val Gin Gly Tyr Val Leu 
20 50 55 60 

lie Ala His Asn Gin Val Arg Gin Val Pro Leu Gin Arg Leu Arg 
65 70 75 

lie Val Arg Gly Thr Gin Leu Phe Glu Asp Asn Tyr Ala Leu Ala 
80 85 90 

25 Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr Pro Val Thr 

95 100 105 

Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu Gin Leu Arg Ser Leu 
110 115 120 

Thr Glu lie Leu Lys Gly Gly Val Leu lie Gin Arg Asn Pro Gin 
30 125 130 135 

Leu Cys Tyr Gin Asp Thr lie Leu Trp Lys Asp lie Phe His Lys 
140 145 150 

Asn Asn Gin Leu Ala Leu Thr Leu lie Asp Thr Asn Arg Ser Arg 
155 160 165 

35 Ala 
166 

<210> 2 
<211> 32 
<212> PRT 
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<213> Homo sapiens 
<400> 2 

Ser Thr Gin Val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro 
15 io 15 

5 Ala Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gin 

20 25 30 

Gly Cys 
32 

<210> 3 
10 <211> 11 
<212> PRT 
<213> Homo sapiens 

<400> 3 

Pro Lys Asn Ser Ser Met lie Ser Asn Thr Pro 
15 1 5 io 11 

<210> 4 
<211> 7 
<212> PRT 

<213> Homo sapiens 

20 <400> 4 

His Gin Ser Leu Gly Thr Gin 
1 5 7 

<210> 5 
<211> 8 
25 <212> PRT 

<213> Homo sapiens 

<400> 5 

His Gin Asn Leu Ser Asp Gly Lys 
1 5 8 

30 <210> 6 
<211> 8 
<212> PRT 
<213> Homo sapiens 

<400> 6 

35 His Gin Asn lie Ser Asp Gly Lys 
1 5 8 

<210> 7 
<211> 8 
<212> PRT 
40 <213> Homo sapiens 

<400> 7 

Val lie Ser Ser His Leu Gly Gin 
1 5 8 

<210> 8 
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<211> 59 

<212> PRT 

<213> Homo sapiens 

<400> 8 

5 Val Glu Glu Cys Arg Val Leu Gin Gly Leu Pro Arg Glu Tyr Val 
1 5 10 15 

Asn Ala Arg His Cys Leu Pro Cys His Pro Glu Cys Gin Pro Gin 
20 25 30 

Asn Gly Ser Val Thr Cys Phe Gly Pro Glu Ala Asp Gin Cys Val 
10 35 40 45 

Ala Cys Ala His Tyr Lys Asp Pro Pro Phe Cys Val Ala Arg 
50 55 59 

<210> 9 
<211> 65 
15 <212> PRT 

<213> Homo sapiens 

<400> 9 

Leu Pro Cys His Pro Glu Cys Gin Pro Gin Asn Gly Ser Val Thr 
15 10 15 

20 Cys Phe Gly Pro Glu Ala Asp Gin Cys Val Ala Cys Ala His Tyr 

20 25 30 

Lys Asp Pro Pro Phe Cys Val Ala Arg Cys Pro Ser Gly Val Lys 
35 .40 45 

Pro Asp Leu Ser Tyr Met Pro lie Trp Lys Phe Pro Asp Glu Glu 
25 50 55 60 

Gly Ala Cys Gin Pro 
65 
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